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Abstract: CSELL is involved in the cancer progression of several types of cancer. Its expression status, potential
oncogenic role and underlying mechanism in lung cancer, however, are unclear. Here, we investigated CSE1L ex-
pression in primary lung adenocarcinoma based on multiple datasets and then investigated its oncologic role in
lung cancer. We also examined the potential molecular mechanisms of CSELL in cancer progression. CSE1L levels
were increased in cancer as compared to normal lung tissues. CSE1L expression was higher in poorly-differentiated
late stage and lymph node positive metastatic tumors. Higher CSE1L level was correlated with worse patient out-
come. Knockdown of CSE1L using siRNAs impaired cell proliferation, invasion, migration and induced cell apopto-
sis. Mechanistically, MET, STAT3 and PD-L1 proteins were decreased upon CSELL silencing. These results suggest
that CSE1L may affect tumor progression through MET/STAT3/PD-L1 signaling. CSE1L may have potential as a

biomarker and therapeutic target for lung cancer.
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Introduction

Lung cancer new cases and deaths are increas-
ing. There are 1.76 million deaths from lung
cancer worldwide in 2018 [1, 2]. Non-small cell
lung cancer (NSCLC) accounts for 80% of lung
cancer and adenocarcinoma (AD) represents
the predominant histological type, accounting
for over half of all NSCLC. Despite intensive
research and several therapeutic advances in
lung cancer, the overall 5-year patient survival
is only 20% [2]. Consequently, it is critical to
discover more successful treatments that
might either delay progression or improve
patient survival in lung cancer [3, 4].

CSE1L (Chromosome Segregation 1-Like) is
located on 20q13.13, and encodes a 971-ami-
no-acid protein [5]. It associates with microtu-
bules and mitotic spindles, and is also consid-
ered to have a role in tumor progression [6].
The CSELL protein includes a nuclear localiza-

tion signal allowing for transport into the nucle-
us via the importin-alpha/beta heterodimer. In
addition, the encoded protein plays roles in cell
proliferation and apoptosis [7, 8]. Studies sug-
gest that CSELL is a potential oncogene [9-11]
that is highly expressed in several tumors
including colorectal, ovarian and gastric and
has a critical role in cancer development by
regulating MITF, GPNMB, AKT or MEK signaling
[11-19]. CSELL can regulate the MAPK pathway
via interaction with p65 in lung cancer [20], but
the expression status, oncogenic roles and
underlying molecular mechanisms of CSE1L
still remains unclear.

Here, we systematically evaluated CSEIL
expression using RNA-seq and microarray data
from several large cohorts of primary lung can-
cer samples. CSE1L was overexpressed in lung
cancer and the higher expression was correlat-
ed with unfavorable patient survival. The differ-
ential expression of CSE1L was then validated
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in an independent cohort of 101 ADs using
gRT-PCR. Functional examination of CSE1L
revealed that upon CSE1L knockdown using
SiRNA, cell proliferation, invasion and migration
were reduced. Mechanistically, MET, STAT3 and
PD-L1 proteins were decreased upon CSE1L
silencing. All these results suggest that CSE1L-
regulated cell proliferation and anti-apoptosis
effects may be via MET/STAT3 signaling in lung
cancer cells.

Materials and methods
Lung cancer tissues and cell lines

The lung cancer tissue samples utilized for
both RNA-sequencing and gRT-PCR validation
were as described in our previous studies [21,
22]. These samples were obtained from
patients who had undergone curative tumor
surgery during the period from 1995 to 2016 at
the University of Michigan (UM) Health System
and did not receive preoperative radiation or
chemotherapy. The median follow-up time of
patients was 9 years. All patients provided
informed consent and this project received
approval from the UM Institutional Review
Board and Ethics Committee. All lung cancer
cell lines were purchased from the ATCC
(American Type Culture Collection). Cells were
cultured at 37°C in a 5% CO, cell culture incu-
bator. Cells were genotyped for identity valida-
tion at the UM sequencing core and were tested
routinely for Mycoplasma contamination.

RNA extraction and qRT-PCR

Total RNA extraction was performed from cell
lines and tissue samples utilizing the miRNeasy
Mini kit (Qiagen), and cDNA was obtained using
the High-Capacity cDNA Reverse Transcription
kit (Applied Biosystems). The gRT-PCR reaction
was performed using Power SYBR Green mas-
ter Mix (Life Technology Inc.) with ABI Step One
Real-Time PCR System (Applied Biosystems).
The reactions for each sample had a final vol-
ume of 15 uL and contained approximately 20
ng of cDNA. The oligonucleotide primers for
CSE1L included: forward, 5’-CAAGTGCTGCAGC-
TGACAAA-3’, and reverse, 5-CTTGTAGTGCTAG-
TGCCCCA-3. The loading control genes were
GAPDH and ACTB. Relative mRNA levels were
assessed using the 2 delta Ct method [23].
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Immunoblot analysis

For preparing protein samples, tissues or cells
were lysed in RIPA buffer accompanied with
protease inhibitors cocktail (Sigma) and dena-
tured by boiling. The proteins were electropho-
resed by SDS-PAGE and transferred onto the
nitrocellulose membranes (Millipore Corpora-
tion). The transferred membranes were blocked
in 5% non-fat milk (Thermo Fisher Scientific),
following the incubation of the primary antibod-
ies and the secondary antibodies, respectively.
After removal of excess antibodies with repeat-
ed washes, the ECL developed membranes
were exposed to the ChemiDoc MP Imaging
System (BIO-RAD). Tissue microarray from for-
malin-fixed, paraffin-embedded tumors includ-
ing 92 ADs was examined using immunohisto-
chemistry with a CSE1L antibody (ab54674,
Abcam) and performed as described previously
[24-26].

SiRNA transfection

The detailed methods for siRNA transfection
are as described in our previous studies [22,
27]. For CSEAL knockdown, lung cancer cells
were treated with the transfection reagents
Lipofectamine RNAi MAX reagent (Invitrogen,
USA) and 10 nM ON-TARGET plus SMART pool
Human CSE1L siRNAs.

Cell proliferation, invasion and migration

The WST-1 assay (Roche) used for cell prolifera-
tion was performed according to the manufac-
turers’ instructions. A wavelength of 450 nm
was used and the analysis of cell viability was
performed by normalization to the non-target
siRNA group. The migration and invasion abili-
ties of tumor cells were evaluated using Boyden
chambers (8-um, BD Biosciences). The inva-
sion ability of cells was measured with the
chambers coated with 100 pl Matrigel (BD
Company) for 4 h and migration ability was
measured in chambers without Matrigel. After
incubation in the above culture conditions for
24 h, the invading cells in the bottom chamber
were fixed with 20% methanol and stained with
crystal violet. The plates were photographed
using an inverted microscope (measuring 5
fields per membrane). The stained cells were
then counted for subsequent statistical analy-
sis. Each experiment was performed in
triplicate.
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Collection of published RNA-seq and microar-
ray data

Four published microarray datasets containing
759 NSCLC and 65 adjacent normal lung were
collected. These consist of the Shedden et al.,
dataset (442 AD) [28], Su et al., dataset (27 AD
and 27 normal lung tissues) [29], Tomida et al.,
dataset (117 AD) [30] and Hou et al., dataset
(65 normal lung tissue samples and 91 NSCLC
tissues including 45 AD and 19 LC and 27 SCC)
[31]. The original CEL files were analyzed using
the RMA (Robust Multi-array Average) method
[32]. RNA-seq datasets from lung cancers
included the datasets from UM (67 AD, 36 SCC,
10 LC and 6 normal lung tissues) [33], TCGA
(309 AD, 212 SCC and 73 normal lung tissues)
[34] and Seo et al., (85 AD and 77 normal lung
tissues) [35]. Expression levels of mMRNAs were
defined as RPKM [36].

Statistical analysis

Data were analyzed with R software, excel or
GraphPad Prism 6. Kaplan-Meier survival
curves were used for survival analysis. With the
median of CSE1L mRNA as a cutoff, the surviv-
al differences were assessed using the log-
rank test. Pearson’s correlation coefficient was
used for the correlation analysis between
CSE1L mRNA and other genes. Student’s t-test
was used for cell proliferation, migration and
invasion assays. The Gene Ontology and path-
ways in DAVID website [37] were applied to
establish potential biological processes or
pathways associated with CSE1L correlated
genes.

Results
CSE1L mRNA is highly expressed in NSCLC

To evaluate the CSE1L mRNA expression status
in NSCLC, we explored multiple microarray and
RNA-seq datasets of NSCLC [28, 29, 31, 33].
CSE1L mRNA expression was higher in lung
cancer (including AD, LC and SCC, relative to
normal) in all datasets (Figure 1A-E). This was
confirmed by gqRT-PCR validation set including
101 ADs and 20 normal lung tissues (P<0.001)
(Figure 1F). In the Shedden dataset [28], CSE1L
MRNA was higher in poorly differentiated (vs.
well, P=0.01) as well as in late-stage tumors
(stage 3 vs. stage 1, P<0.001) (Figure 1G, 1H).
In lymph node positive and thus metastatic
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tumors, CSE1IL mRNA was increased in N1-2
vs. NO tumors (P<0.001) (Figure 1l). These
results indicated that CSEIL is both highly
expressed and may have potential as a bio-
marker for lung cancer. We also examined
CSE1L mRNA expression in other cancer types
in TCGA data from the GEPIA website, and
found that CSEIL mRNA is increased in all dif-
ferent types of cancers except LAML (Acute
Myeloid Leukemia) (Figures S1, S2).

Overexpression of CSE1L mRNA is unfavorable
for survival in AD patients

To test whether CSE1L expression is related to
patient survival, we evaluated two independent
AD microarray datasets where survival informa-
tion was provided including the Shedden et al.
[28] and Tomida et al. datasets [30]. We found
that higher CSE1L mRNA expression was asso-
ciated with a poorer patient survival in both
data sets using Kaplan-Meier survival curve
analysis (log-rank test, P<0.0001 and P=0.02,
respectively) (Figure 2A, 2B). Similar results
were observed in an RNA-seq cohort from UM
(P=0.006) (Figure 2C). We further measured
CSE1L mRNA expression in an expanded UM
101 AD cohort by gRT-PCR analysis. The result
indicated that higher CSE1L mRNA expression
was significantly correlated with unfavorable
survival in AD (Figure 2D). We also evaluated
CSE1L mRNA expression and survival in TCGA
lung adenocarcinoma RNA-seq data from the
GEPIA website. Higher levels of CSE1L mRNA is
correlated with poor survival in patients with
AD (Log-rank test, P=0.03) (Figure S3). Taken
together, these results indicated that CSE1L
has potential as a prognostic marker for AD.

CSE1L protein expression is increased in AD
tissues

To examine if CSELL protein is similarly overex-
pressed in lung cancer, we utilized immunohis-
tochemistry (IHC) using a tumor tissue microar-
ray (TMA). Tumor-specific CSE1L protein expres-
sion was scored based upon intensity of CSE1L
positivity as O, 1 or 2. Tumors were then
grouped into score O (Figure 3A), score 1
(Figure 3B) and score 2 (Figure 3C, 3D). More
than half of tumors demonstrated CSE1L posi-
tive staining (Figure 3E), with the majority show-
ing nuclear localization (Figure 3E, 3F). Further,
Western blot analysis confirmed higher CSE1L
protein expression in tumor tissues relative to
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Figure 1. CSE1L mRNA was overexpressed in lung cancer. A-E. CSE1L mRNA expression is higher in lung cancer
as compared to normal lung tissues using several lung cancer datasets utilizing both microarray and RNA-seq.
F. CSE1L mRNA expression was examined with an independent cohort of lung cancer using qRT-PCR. G and H.
CSE1L mRNA is higher in poor vs. well differentiated tumors (P=0.01), and in late-stage tumors (stage 3 vs. stage
1, P<0.001, Shedden et al., dataset). I. CSE1L mRNA was increased in tumors demonstrating positive lymph node
metastasis N1-2 vs. NO (P<0.001, Shedden et al., dataset). AD, lung adenocarcinoma; SCC, squamous cell lung

cancer; LC, large cell lung cancer.

normal lung tissues taken from the same
patients (Figure 3H-J). This data indicates that
both CSELL mRNA and protein are higher in
lung tumors.

CSE1L knockdown inhibits cell proliferation,
migration and invasion in lung cancer

To examine the potential oncogenic role of
CSE1L in lung cancer, we performed cell prolif-
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eration, invasion and migration assays follow-
ing CSE1L knockdown in the lung cancer cell
lines H23, HCC78 and H1299. The CSELL siR-
NAs (SmartPool) knockdown efficiency was
80%-90%, which was confirmed using both
gRT-PCR (Figure 4A) and Western blot. We
found a substantial decrease in cell prolifera-
tion after the treatment of CSE1L siRNAs in all
three lung cancer cell lines (Figure 4B). Trans-
well assays were utilized for evaluating tumor

Am J Cancer Res 2021;11(9):4380-4393
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Figure 2. High levels of CSE1L mRNA are correlated with unfavorable survival in AD. A-C. Kaplan-Meier survival
curve showing that patients with higher CSE1L mRNA level have a worse survival in lung cancer using the microarray
datasets of Shedden et al., (log-rank test, P<0.0001) and Tomida et al., (P=0.02), as well as using the UM RNA-seq
dataset (P=0.006). D. Association with patient survival was validated with gRT-PCR in an independent cohort of AD

(P=0.008).

cell invasion and migration upon CSE1L knock-
down in H23, H1299 and HCC78 cells. Cell
invasion and migration were reduced upon
treatment with CSE1L siRNAs (P<0.001) (Figure
4C-F). These data indicate that CSE1L may
have an oncogenic role in lung cancer.

CSE1L correlated genes participate in cell
cycle regulation

To define the potential pathway involved with
CSE1L, we performed Pearson correlation
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assessment between CSE1L and all coding
genes using RNA-seq data from three human
primary NSCLC cohorts including a total of 461
ADs (Seo et al., 85 ADs, UM 67 ADs and TCGA
309 ADs) [22, 33]. There were 979 coding
genes demonstrating a positive correlation
with CSE1L (r>0.4, n=461, P<0.001). Based on
DAVID pathway and gene annotation assess-
ment using the CSE1L positive correlated
genes, cell cycle regulation was the top path-
way (Figure 5A). For example, cell cycle associ-
ated genes, CHEK1 and CDK1 were significant-

Am J Cancer Res 2021;11(9):4380-4393
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Figure 3. CSELL protein expression in lung cancer. (A-D) CSEA1L protein IHC (immunohistochemistry) staining status
examined using a lung AD TMA (tissues array). Representative images scored as O (A), score 1 (B) and score 2 (C
and D). (E-G) CSELL protein is expressed both in the nucleus and in the cytoplasm but is predominantly found in the
nucleus. (H) Western blot showing higher CSE1L protein expression in tumors as compared to paired normal lung
tissues. (I and J) Quantitative analysis of the intensity of (H) using ImageJ software for individual samples and the

average value of tumors and normal lung tissues.

ly correlated with CSE1L expression in NSCLC
(Figure 5B, 5C). Other pathways included DNA
replication and spliceosome, RNA transport,
DNA repair and metabolism. These results sug-
gest that CSELL participates in several path-
ways in lung tumors.

Silencing of CSE1L decreases MET, STAT3 and
PD-L1 protein expression and induces apop-
tosis

To understand the underlying oncogenic mech-
anisms of CSELL in lung cancer, we performed
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CSE1L knockdown with siRNA treatment in lung
cancer cells followed by Western blot analysis.
We observed that the important lung cancer
oncogenic protein MET was significantly re-
duced upon CSE1L silencing in H1299 and
HCC78 cells. STAT3 was also down regulated in
HCC78 cells (Figure 6A). Further, reduced MET
and STAT3 proteins were further confirmed in
H1650, A549 and PC-9 lung cancer cells
(Figure 6B). We observed that the apoptosis
related marker protein c-PARP was induced
upon CSE1L silencing, suggesting CSE1L is
involved in cell apoptosis (Figure 6A, 6B).

Am J Cancer Res 2021;11(9):4380-4393
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As PD-L1 is reported to be regulated by MET
signaling [38, 39], we tested whether PD-L1
protein was also affected by CSE1L. We found
that PD-L1 protein levels were significantly de-
creased after CSELL silencing in 5 out of 6 test-
ed lung cancer cells, while H23 cells showed no
PD-L1 expression (Figure 6C). Further, PD-L1
protein expression was also decreased upon
MET knockdown (Figure 6D), indicating that
CSE1L may regulate PD-L1 via MET in these
cells. The mRNAs of MET, STAT3 and PD-L1
were not changed upon CSELL silencing in lung
cancer cell lines (Figure 6E-G) and we observed
no correlation between CSE1L mRNA and PD-
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L1 (CD274) mRNA in NSCLC (Figure 6H), sug-
gesting that CSELL regulation of MET, STAT3
and PD-L1 was at the post-transcriptional level.
Further future detailed mechanistic studies are
warranted. Taken together, MET and STAT3 are
important proteins for cell proliferation, cell
survival as well as being therapeutic targets in
lung cancer [40-42]. STAT3 and PD-L1 have
been reported to be downstream of MET signal-
ing [38-40]. We have tested additional cancer
related proteins such as AKT, ERK1/2, S6K,
YBX1, SLUG, p62, AMPKa, LC3B and N-cadherin
by Western blot but didn’t find a consistent
changing (Eigure S4). Taken together, our
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Figure 6. MET, STAT3 and PD-L1 proteins were decreased after CSELL silencing. A-C. MET, STAT3 and PD-L1 proteins
were decreased after CSE1L siRNAs treatment at 72 hrs in the lung cancer cell lines H1299, HCC78, A549, H838,
PC-9 and H1650. GAPDH was used as loading control. The apoptotic marker cleaved-PARP (c-PARP) was induced
following CSE1L silencing. D. PD-L1 protein was decreased upon MET silencing. E-G. MET, STAT3 and CD274 (PD-L1)
mRNAs were not changed upon CSE1L knockdown with siRNAs in H1299 and H838 cells. H. CD274 mRNA expres-
sion was not correlated with CSEZL mRNA in lung AD (n=309, r=0, P>0.05).
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CSEIL |— STAT3 —| Cellproliferation
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Immune response

found that CSE1L silencing
impaired cell proliferation, inva-
sion and migration of lung can-
cer cells, suggesting CSE1L
plays an essential oncogenic

role in cancer progression.

Figure 7. Schematic model showing that CSE1L regulates tumor progres-

sion via MET/STAT3/PD-L1 signaling pathway.

results indicate that CSE1L mediates lung can-
cer progression may be via MET/STAT3/PD-L1
signaling.

Discussion

CSE1L is overexpressed in several types of can-
cers including colorectal, ovarian, gastric, mela-
noma, larynx, bladder, osteosarcoma, hepato-
cellular and breast cancers [9, 11-14, 17,
43-52], as well as being reported to be associ-
ated with patient survival in bladder and osteo-
sarcoma cancers [50, 51]. Cytoplasmic CSE1L
expression is correlated with distant or lymph
node metastasis in gastric, melanoma and
breast cancer [13, 17, 53-55]. Recently, Lin et
al. described that CSE1L was overexpressed
and correlated with poor patient survival in
NSCLC but utilized limited samples [20]. In this
study, we comprehensively analyzed CSE1L
expression in four microarray and three RNA-
seq datasets, revealing that CSE1L levels are
substantially higher in NSCLC. This was further
confirmed using in a cohort of 101 ADs using
gRT-PCR. Overexpression of CSE1L mRNA was
also significantly correlated to poor patient
prognosis in several public datasets and con-
firmed in our independent RT-PCR validation
assessment. The CSELL protein was also over-
expressed in lung cancer tissues as measured
by Western blot. Using IHC, CSE1L protein was
highly expressed in both the nucleus and cyto-
plasm but tended to show strong nuclear stain-
ing in lung tumor tissue.

CSE1L was reported to be an oncogene and
can inhibit apoptosis and promote cell prolifer-
ation in several cancer types [11, 17, 56].
Knockdown of CSE1L attenuates seminoma
cells proliferation by arresting them in the GO/
Gl and G2/M phase [57]. In our study, we
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Potential underling mecha-

nisms of CSE1L action has

been reported in several kinds
of cancer [6]. CSELL inhibition can activate
PI3BK/AKT/mTOR and MEK/ERK by decreasing
MITF and GPNMB in gastric cancer [17]. CSE1L
suppression reduced drug resistance in mela-
noma cells by inhibiting RAS/ERK and cAMP/
PKA pathways [12]. CSE1L can interact with
p65 and regulate MAPK signaling in lung can-
cer [20]. We found that STAT3 and MET protein
expression were decreased and the apoptotic
marker cleaved-PARP was induced upon CSE1L
silencing, suggesting CSE1L-regulation of cell
proliferation and anti-apoptosis may be though
the MET-STAT3 pathway. Further investigation
of the detailed mechanism both in vitro and in
vivo are warranted and planned in our future
studies.

PD-L1 is an important immune checkpoint pro-
tein and immunotherapeutic target [58, 59].
Ahn and Saigi et al. stated that the expression
of PD-L1 was decreased upon MET knockdown
with siRNA/shRNA or MET inhibitors indicating
PD-L1 was involved in MET signaling in lung
cancer [38, 39]. We also found that MET and
PD-L1 proteins were reduced upon CSE1L
silencing in multiple cells containing different
genetic alterations. PD-L1 was also decreased
upon MET silencing, supporting that CSE1L
may be involved in immune response through
the regulation of MET/PD-L1 signaling pathway.
Further detailed mechanistic analyses are
clearly warranted.

Taken together, in the present study, we have
systematically investigated CSE1L expression,
its oncogenic roles and potential molecular
mechanism in lung cancer, supporting its role
as potential driver of lung cancer pathogenesis
(Figure 7). CSELL may have potential as a diag-
nostic/prognostic biomarker, and further stud-
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ies may define its potential as a therapeutic
target for lung cancers.
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Figure S1. CSE1L mRNA expression in different cancer types and its matched normal tissues. This figure is from
GEPIA website of TCGA RNA-seq data. Abbreviations: ACC, Adrenocortical carcinoma; BLCA, Bladder Urothelial Car-
cinoma; BRCA, Breast invasive carcinoma; CESC, Cervical squamous cell carcinoma and endocervical adenocarci-
noma; CHOL, Cholangio carcinoma; COAD, Colon adenocarcinoma; DLBC, Lymphoid Neoplasm Diffuse Large B-cell
Lymphoma; ESCA, Esophageal carcinoma; GBM, Glioblastoma multiforme; HNSC, Head and Neck squamous cell
carcinoma; KICH, Kidney Chromophobe; KIRC, Kidney renal clear cell carcinoma; KIRP, Kidney renal papillary cell
carcinoma; LAML, Acute Myeloid Leukemia; LGG, Brain Lower Grade Glioma; LIHC, Liver hepatocellular carcinoma.
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Figure S2. CSE1L mRNA expression in different cancer types and its matched normal tissues (continues to Figure
S1). This figure is from GEPIA website of TCGA RNA-seq data. Abbreviations: LUAD, Lung adenocarcinoma; LUSC,
Lung squamous cell carcinoma; MESO, Mesothelioma; OV, Ovarian serous cystadenocarcinoma; PAAD, Pancreatic
adenocarcinoma; PCPG, Pheochromocytoma and Paraganglioma; PRAD, Prostate adenocarcinoma; READ, Rectum
adenocarcinoma; SARC, Sarcoma; SKCM, Skin Cutaneous Melanoma; STAD, Stomach adenocarcinoma; TGCT, Tes-
ticular Germ Cell Tumors; THCA, Thyzoid carcinoma; THYM, Thyihoma; UCEC, Uterine Corpus Endometrial Carci-
noma; UCS, Uterine Carcinosarcoma; UVM, Uveal Melanoma.
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Figure S3. The higher CSE1L mRNA level is correlated with unfavorable survival in patients with AD. The Kaplan-
Meier survival curve is from GEPIA website of TCGA lung adenocarcinoma RNA-seq data. Log-rank test, P=0.033.
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Figure S4. A-C. Western blot showing proteins changing up CSE1L siRNA treatment at 72 h in lung cancer cell lines.
Note: red lines in bands of LC3B and SLUG were caused by ChemiDoc MP Imaging System indicting more satura-
tion. p21 was decreased in H838, PC-9 and H1650, while increased in A549 and not changed in H1299. Autophagy
related proteins such as LC3B, p62 and AMPKa were not changed. Other proteins such as p-AKT, s6k, p-ERK1/2,
N-cadherin, YBX1 and SLUG were not changed upon CSE1L knockdown.
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